Objective: To compare the operative time between robot-assisted laparoscopic hysterectomies and standard laparoscopic hysterectomies. to undergo hysterectomy. Participants were randomized using a random number generator to undergo either robot-assisted or standard laparoscopic hysterectomy. The primary outcome was the total operative time (surgeon incision to surgeon stop, including robot docking time, if applicable). Intention-to-treat analyses were performed and the operative time was compared between the two treatments for non-inferiority, defined as a difference in operative time of no longer than 15 minutes.
techniques are the technical obstacles of performing minimally invasive hysterectomies. 2, 3 Robotic technology has emerged as an additional tool available to gynecologic surgeons; however, a review of current literature reveals few randomized trials evaluating the efficacy of standard laparoscopic hysterectomy compared with robot-assisted laparoscopic hysterectomy. 4, 5 This is particularly true when comparing robot-assisted and standard laparoscopic approaches that are performed by surgeons with high case volumes for both techniques. 6 ACOG Committee
Opinion No. 628 6 indicated that the rapid adoption of robotic technology for gynecologic surgery has not been supported by high-quality studies performed in patients and identifies a need for quality prospective randomized trials comparing robot-assisted and standard laparoscopic techniques.
The aim of the present study was to compare the operative time of hysterectomy procedures performed using robot-assisted and standard laparoscopic techniques. 7 It was hypothesized that robot-assisted laparoscopic hysterectomy would prove non-inferior to standard laparoscopic hysterectomy with respect to operative time. Conductive to such a study design, the present study was performed at a highvolume practice, with more than 600 minimally invasive procedures performed annually that are distributed between both robot-assisted and standard laparoscopic techniques.
| MATERIALS AND METHODS
The present study was a prospective, randomized non-inferiority trial that enrolled patients from the Penn State Hershey Medical Center
Minimally Invasive Gynecologic Surgery Division, Hershey, PA, USA, between April 23 and October 20, 2014. Eligible patients included all patients scheduled to undergo hysterectomy at the study institution aged 18-80 years who were able to give informed consent in English.
Patients with medical conditions contraindicating pneumoperitoneum or proper ventilation during anesthesia, who were pregnant, who had a pelvic organ prolapse allowing for a vaginal approach, or who were anticipated to undergo combined surgical procedures (other than coincidental appendectomy) were excluded from the study. All participants provided written informed consent at enrollment and the Penn State Hershey Medical Center Institutional Review Board approved the study design.
On the morning of surgery, participants were randomized by the study statistician (ARK), who had no prior access to patient data, to undergo either robot-assisted or standard laparoscopic hysterectomy; randomization was performed using a random number generator and treatment allocations were sealed in opaque envelopes. The envelopes were numbered consecutively and were given to participants in sequential order on the day of surgery. Envelopes were opened to reveal each patient's treatment allocation by the surgical team on the day of surgery after concluding the preceding surgical procedure. For the present study, dual surgical procedure carts were prepared with appropriate equipment for each potential treatment allocation. Participants and study investigators were unmasked to group assignments.
A single surgeon (GJH) performed all hysterectomies according to standard protocols at the study institution (unpublished) with the assistance of residents and/or fellows who were assigned based on clinical duties without exception. Residents who assisted with procedures were primarily in their third year of training and all fellows were completing fellowships in minimally invasive gynecologic surgery. The primary surgeon had a high-volume surgical case load (greater than 300 total hysterectomies each year) that included both standard laparoscopic and robot-assisted laparoscopic techniques.
Hysterectomies were performed by the primary surgeon and primary assistant (described above), with each completing half of the procedure. At the study institution, the primary assistant would routinely be allowed to perform colpotomy and vaginal-cuff clo-
sure. An additional assistant, typically a junior-level resident, would apply temporary pressure to a vaginal sponge stick in the anterior cervico-vaginal junction during the creation of the colpotomy.
During robot-assisted hysterectomies, the primary surgeon and the primary assistant would each perform half of the procedure at the robotic console and the bedside assistant was a junior-level resident.
All procedures were completed using the assigned approach Based on data gathered previously at the study institution (unpublished data), mean operating times of 98.3±40.2 minutes and 90.1±25.9 minutes were assumed for standard laparoscopic and robot-assisted laparoscopic hysterectomy surgery, respectively. A sample size of 128 patients (64 per arm) would provide 81% power to detect non-inferiority using a one-sided test with a significance level of 0.025. For this power calculation, the margin of equivalence was 15 minutes, the difference between the mean operating times was assumed to be 0, and the standard deviation was expected to be 30 minutes. A drop-out rate of 10% was anticipated; therefore, the target sample size was 144 patients.
Intention-to-treat analyses were performed. Categorical variables were reported as absolute numbers and percentages; continuous variables were reported as mean±SD if the data were normally distributed or as the median and interquartile range [IQR] if the data were not normally distributed. Non-inferiority of operating times was determined using a nonparametric, one-sided, bootstrapped bias-corrected, and accelerated 95% confidence interval (CI) 8 of the difference in mean operative time from 10 000 bootstrapped samples. As sensitivity analyses, one-sided, bootstrapped 95% CIs of the difference in median operative times were also performed.
For secondary continuous variables that had skewed distributions, quantile regressions 9 were used to compare the medians of the two surgical groups. Log-binomial regression 10 was used to compare secondary binary variables between the two surgical groups to obtain risk ratios, 95% CIs, and P values. Owing to the present study being prospective, the log-binomial model facilitated estimating the risk ratio rather than the odds ratio, which is estimated using ordinary logistic regression. In the event of zero cell counts, where logbinomial regression fails to provide an accurate estimate, logistic regression using the profile penalized likelihood 11 was used to obtain an odds ratio, 95% CI, and P value. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and graphics were constructed using R version 3.
(R Foundation for Statistical
Computing, Vienna, Austria). P<0.025 was considered statistically significant.
| RESULTS
There were 72 patients randomized to each arm; all patients received the assigned treatment except for one patient who was randomized to the standard laparoscopy group. This patient had severe adhesive disease and did not receive a hysterectomy, but instead underwent laparoscopic lysis of adhesions and the hysterectomy was aborted (Fig. 1) .
The two surgical groups were very similar with respect to baseline patient characteristics (Table 1) ; the biggest discrepancy appeared to be with respect to a history of cesarean delivery (17 [24%] patients in the robot-assisted group and 32 [44%] in the standard group).
However, as a randomized trial any baseline differences were due to chance and, consequently, the primary analysis did not include any baseline characteristics as covariates. Post-operative follow-up data were included for all 144 enrolled patients ( Table 2) . A statistically significant increase in the resection of endometriosis lesions performed at the time of hysterectomy was recorded in the robot-assisted laparoscopy group (P=0.006). All other intra-operative outcomes were similar between both groups, including non-significant numerically increased incidences of estimated intra-operative blood loss at least 50 mL (P=0.049) and lysis of adhesions (P=0.056). There was one intra-operative adverse event (a ureteric transection) recorded in the robot-assisted laparoscopy group; this was identified intra-operatively and was repaired robotically, with the repair time included in the operative time for this patient. There were no major intra-operative adverse effects recorded in the standard laparoscopy group. Post-operative adverse events were recorded in 3 (4%) patients in the robot-assisted laparoscopic group and 6 (8%) patients in the standard laparoscopic group; this difference was not statistically significant (P=0.313). A numerically lower incidence of post-operative vaginal bleeding was observed in the robot-assisted laparoscopic group but this was not statistically significant ( Table 2 ).
The study outcomes were re-analyzed to include an adjustment for a history of cesarean delivery; this did not affect the primary outcome and the bootstrapped 95% CI of the mean difference in operative time was 7.4 minutes. The secondary outcomes were also re-analyzed to adjust for history of cesarean delivery, the incidence of intra-operative resection of endometriosis was higher in the robot-assisted laparoscopic group (P=0.005), with no other significant differences recorded between the two groups (P<0.05).
| DISCUSSION
Robotic-assisted laparoscopic surgery is still in the early stages of adoption and high-level evidence regarding its utility is needed. 13 In the present study, it was observed that in the hands of high volume surgeons with expertise in both robot-assisted and standard laparoscopic surgery, robot-assisted surgery was non-inferior to standard laparoscopic techniques with respect to hysterectomy operative time.
This has not been reported in previous studies. 14, 15 It is suggested here that the similarity in operative times between the two groups was most likely secondary to decreased time sewing the vaginal cuff.
In a high-volume practice, the time necessary to dock and undock the robot would be expected to decrease as experience increases, and the time needed for docking is negated by the ease of sewing with wristed instruments. Additionally, similar to previous reports, 13 ,16 the present study found that adverse-event rates and short-term outcomes were similar between the two surgical approaches.
Previous studies have primarily been case series 17 The strengths of the present study include the randomized prospective design and the participation of a surgeon with significant expertise in both robot-assisted and standard laparoscopic techniques. The significant expertise of the entire surgical team in both techniques allowed patients to be randomized on the morning of surgery, decreasing bias without impacting patient care. The standard approach to hysterectomy at the study institution using the harmonic scalpel and manipulating the uterus abdominally, independent of the type of hysterectomy performed, maximized the efficiency of the F I G U R E 2 Operative time of patients undergoing hysterectomy. White diamond shape represents the mean operative time, the line represents the median operative time, the box represents the interquartile range, and the whiskers represent the range; outliers are included as individual data points.
surgical team, likely contributing to the low operative times recorded in both arms of the study. Within the study institution, residents and fellows are included when performing surgical procedures and they routinely complete 50% of a procedure or more; this could be the case in other academic centers and high-volume practices. However, a weakness of this study was that the findings could be inapplicable to all practices. As a high-volume referral center, the study institution could have a surgical procedure volume that is unrealistic across all practices. Additionally, the apparent discrepancy in patients having a history of cesarean delivery between the two groups is acknowledged, despite participants being randomly assigned. However, the post-hoc analyses demonstrated that, when adjusted for the difference in cesarean-delivery history, similar findings were recorded.
Another consideration when deciding between robot-assisted and standard laparoscopic techniques is cost. The present study was not powered to assess cost differences between the techniques.
Further, the question of cost depends on perspective and whether costs are defined as reimbursement, equipment (disposable vs reusable), or total healthcare expenditure. At the study institution, robot-assisted hysterectomy has a $700 higher supply cost when compared with standard laparoscopic hysterectomy. Current efforts are focused on modifying techniques to reduce this difference; however, further studies designed specifically to address this question are needed.
The ACOG committee opinion on robotic surgery in gynecology 6 recognized a need for quality prospective randomized comparative Values from patients randomized to standard laparoscopic hysterectomy were used as referent values. c Owing to zero cell counts, logistic regression using the profile penalized likelihood was used to obtain odds ratio and 95% CIs. trials comparing robot-assisted and standard laparoscopic techniques; the present study represents a good start. As robot-assisted technology continues to advance and its utilization continues to increase, further studies are needed in this area.
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